INTRODUCTION
The endocrine function of the mammalian pineal was recognized following the isolation of melatonin from the bovine pineal (Lerner et al., 1960) Subsequently, synthesis (Axclrod et al., 1965; Klein and Wellcr, 1970; Pelham and Ralph, 1972) and changes in plasma concentrations (Rollag and Niswender, 1976 ) of melatonin and related indoles have been shown to exhibit circadian rhythms. These rhythms are coupled to environmental lighting. Based on indirect evidence, Wurtman et al. (1961) proposed the hypothesis that melatonin was the agent mediating light/dark effects, i.e., the pineal antigonadotropin. This hypothesis was later expanded to include other pineal indoles (Pomerantz and Reiter, 1974) . llowever injections of synthetic melatonin or related indoles were either ineffective (Ota and Hsieh, 1968) or only partially antigonadotropic (ltoffmann, 1975) . Other studies (Benson et al., , 1972 Benson, 1977; Ebels, 1975; Orts et al., 1974a,b) suggest that melatonin and other indoles are not the antigonadotropic substances(s) and implicate other substance(s), which may be peptides.
Studies on pineal extract activities have mainly involved rats (Orts et al., 1974b) , sheep (Ebels, 1975; Ebcls et al., 1975) , cattle (Soffer et al., 1965; Cheesman and Fariss, 1970; Orts et al., 1974a) and man . The objective of the present study was to investigate the presence of antigonadotropic substance(s) in the porcine pineal gland and to characterize those compounds.
MATERIALS AND METHODS
Tissues. Pineal glands were collected at an abbatoir (J. M. Schneider Limited, Kitchener, Ontario) and quick frozen on solid carbon 1422 JOURNAL OF ANIMAL SCIENCE, Vol. 48, No. 6 (1979) dioxide. Tissues were stored at -20C until required for experimental use.
Preparation of Extracts of Pineal Glands.
The overall extraction and fractionation scheme is shown in figure 1. Unless noted otherwise, all procedures were carried out at 4C in a cold room or with refrigerated equipment.
Fifty grams of pineal tissue were homogenized in a total volume of 125 ml of .01M Tris-HC1 buffer (pH 7.4) with .9% NaC1 and .25M Sucrose in a Ten Broeck homogenizer. The homogenate was certrifuged at 2,500 x g for 15 min to remove cellular debris. The pellet was washed with a small volume (25 ml) of buffer and the supernatant from the wash was pooled with the first supernatant. Combined supernatants were centrifuged at 100,000 X g for 90 minutes. The supernatant was termed "extract" and used for subsequent fraetionation bioassays. Analogous extracts were prepared from the brain tissue adjacent to the pineal (i.e., the distal cerebral cortex and frontal cerebellum).
Fractionation of Pineal Extracts. The extract
Was passed through a UM20 membrane (Amicon Diaflo) to separate the extract into molecules that weighed less than 20,000 daltons (filtrate) and those weighing more than 20,000 daltons (residue). Samples of residue and filtrate were lyophilized for later assay. The UM20 filtrate was passed through a UM05 membrane (Amicon Diaflo). The filtrate that contained molecules weighing less than 500 daltons was discarded and the residue (total volume of 8 to 12 ml) was applied to a .26 x 10 dm column of Sephadex G-25 superfine (Pharmacia, Montreal, Quebec) that had been equilibrated with .1M Tris-HC1 (pH 7.4) with .9 NaC1. The column was eluted with this buffer at a rate of 20 ml/hr and collected in 4 ml fractions. Protein peaks were identified by measuring optical density at 280 nanometers. Molecular weight of substances constituting the peaks was estimated from comparison of their retention time with retention times of proteins of known molecular weight. Retention time for melatonin was also measured so that the absence of melatonin from any of the peaks could be assured.
Protein in all extracts were measured colorimetrically (Miller, 1959) and melatonin was assayed flourimetrically .
Bioassay of Pineal Extracts and Fractions of Pineal Extracts.
General. All experiments were of the following general form: Albino, Swiss-Webster mice (High Oak Ranch Ltd., Toronto, Ontario) aged 22 to 24 days were housed in groups of eight at 25C with a 12-hr daily photoperiod. All mice including controls (saline injected) were given 1 IU of pregnant mare serum gonadotropin (PMSG) followed by 1 IU of human chorionic gonadotropin (HCG) ip 48 hr later to induce ovulation. Test substances were given ip, with PMSG and again with HCG. All mice were killed 12 hr after HCG and each uterine tract complete with ovaries was removed to a petri dish that contained normal saline. Ova were flushed from the tract and counted under a dissecting microscope. The number of ova recovered was regarded as equal to the number of ovulations per mouse. To compare results of various experiments, ovulations per mouse xi were transformed to the square :root (x/xi + .5), and transformed data were subjected to an analysis of variance. Differences between means were tested by the Tukey's co procedure (Steel and Torrie, 1960) .
Experiment i. Extracts of Pineal and of Brain Tissue. Four groups of eight mice were
given unpurified pineal or brain extract, ip, at .125, .25, .50 and 1.0 dose units per mouse (1.0 dose unit = 1.1 mg extractable protein) at the time of the PMSG injection and again at the time of HCG injection. In addition, one group of eight mice were given saline ip, at a volume equal to the volume given at the 1.0 dose unit case. Another group of eight mice received only PMSG and HCG. Ovulations per mouse were recorded. In addition to the analysis of the transformed data as described above, the untransformed data were also subjected to linear regression analysis.
Experiment 2. Synthetic Melatonin and
Partially Purified Pineal Extract. This experiment tested the effectiveness of synthetic melatonin and of pineal extracts containing fractions weighing more than 20,000 daltons in inhibiting ovulation induced by the PMSG and HCG. The soluble extracts from frozen pineal glands were pressure filtered through Amicon Diaflo Membrane UM20, as described earlier. This membrane separated the extract into a filtrate and a residue contained material of molecular weight more than 20,000. This residue was lyophilized, redissolved in saline and tested for activity in three groups of eight mice each. Each mouse was given the fraction in .25, .5 and 1.0 dose units • 3, one at the time of PMSG injection, one 24 hr later, and another at the time of HCG injection (1.0 dose unit of purified extract • 3 = 3.6 g pineal tissue). Two other groups of eight mice each were given either melatonin (50 /lg • 3) dissolved in .3% ethanol in normal saline or only normal saline in lieu of the test substance.
This dose was selected based on results of Ota and Hsieh (1968) . Ova were flushed, counted and analysed as described previously.
Experiment 3. Further purified Extract. This experiment tested the inhibitory effects of fractions obtained following gel filtration on Sephadex G-25 superfine of the 500 to 20,000 dalton fractions. The UM20 filtrate obtained as described previously was pressure filtered through Diaflo Membrane UMO5 (AmiconMandel Scientific Model 202) the filtrate containing material of less than 500 daltons, was discarded, prior to the gel filtration. The gel filtration fractions were pooled according to protein peaks and the pooled fractions (F1 to F5) were tested for activity in a 5 x 5 split plot design. Main effects were dose levels (0 [Saline], .25, .5, 1.0 and 2.0 dose units as in experiment 2) and sub-effects the pooled fractions (F1 to F5) with four replicates per treatment combination. Ovulation data were analysed as described previously.
RESULTS AND DISCUSSION
Data for ovulations induced in the presence of brain and pineal extracts are presented in table 1. PMSG and HCG induced a similar number of ovulations as when they were given along with saline. Brain extracts or saline given together with the gonadotropins did not interfere with induction of ovulation. However, the pineal extracts decreased (P<.O1) ovulation induced by the gonadotropins. Moreover as the dose of pineal extract increased, the degree of inhibition increased. The pineal extract completely inhibited ovulation in 25 to 37.5% of the mice when given at .25 to 1.0 dose units. The dose response relationships are shown in figure 2. A significant dose/response correlation was found for pineal extracts (r = .993, P<.01), but no such correlation was found for the response to brain extract doses (r = .665, P>.10). In neither this experiment nor in the other experiments reported subsequently herein did injection of crude extract cause any noticeable adverse affects on test mice.
The use of PMSG and HCG to induce ovulation in immature animals has been widely accepted. For purposes of studying inhibition of ovulation, it was first used by , who demonstrated that human urine contained an antigonadotropic substance. Since then it has ranked favorable with compensatory ovarian hypertrophy in unilaterally ovariectomized females (Benson et al., , 1972 , direct measurement of uterine and ovarian weight (Soffer et al., 1965; Cole et al., 1975) , ovarian ascorbic acid depletion (Ota and Hsieh, 1968) , prostate and seminal vesicle weights of males (Cole et al., 1975; Reiter, 1975) and post-castration rise in LIt in males (Orts et al., 1974a,b) as means of demonstrating antigonadotropic effects in mammals. In the present study, the findings indicate that antigonadotropic activity is present in an aqueous extract of the porcine pineal gland, but such activity is not present in a similar extract of brain tissues adjacent to the pineal gland in the pig.
Experiment 2. Injections of synthetic melatonin or the pineal extract components over 20,000 daltons did not inhibit PMSG-HCG induced ovulations (table 2) . Melatonin is one of the most investigated secretions of the mammalian pineal gland. As a result of its early discovery (Lerner et aL, 1960) and subsequent extensive investigation, melatonin has been postulated to be the antigonadotropic factor of the mammalian pineal gland (Wurtman et al., 1963) . Results of this experiment demonstrated that injection of melatonin (50/ag per day • 3 days) did not produce antigonadotropic effects. These data agree with those of other investigators who reported that melatonin was completely ineffective in inhibiting bNo. of mice per treatment = 8. cDU = Dose Unit; 1.00 Dose Unit of purified extract X 3 = 3.6 g pineal tissue; no differences due to treatment. gonadotropic activity in ovulation or ovarian and uterine weights (Soffer ctaL, 1965 , Ota Hsieh, 1968 . Although Wurtman et al. (1963) reported that melatonin inhibited ovarian growth and incidence of estrus, other investigators found melatonin only partially and weakly inhibitory . In three species of rodents, melatonin has been shown to act as a counter antigonadotropic factor (Reiter and Vaughan, 1977) . Reiter et al. (1975a,b) and Orts et al. (1975) suggested that melatonin and other pineal indoles might function as chemical messengers that influence the synthesis and release of the true pineal antigonadotropic (PAG) substance. However, the lack of effect of the pineal extract containing components over 20,000 daltons indicated that the active porcine PAG material might be a small peptide, as had been suggested by Orts et al. (1974a,b) for the bovine animal and the rat. The lack of activity of this fraction also indicated that the active principle is not the neuraminidase type enzyme (about 100,000 daltons) suggested by Cheesman and Forsham (1974b) . However, Tamarkin et al. (1976) have shown that the antigonadotropic effects of synthetic melatonin were dependent upon the time of injection. Melatonin may be antigonadotropic if given at the proper time during the light-dark cycle. Of greater significance is the fact that melatonin has been shown to be ineffective in the pinealectomized hamster regardless of the time of injection (Reiter and Vaughan, 1977) .
Experiment

3.
The pattern of elution of the pineal extract from a Sephadex G25 column and a description of fractions that were poolcd according to their protein peaks (F1 to F5) are presented in figure 3 . F1 is the void volume eluted at thc zone of the blue dextran while a synthetic melatonin was cluted in the same zone as F5. ttowever, melatonin was not detected in any of the tubes collected from the column, indicating that the use of Diaflo Membrane UM05 was efficient in eliminating all materials less than 500 daltons. Based on the retention times, it was estimated that components of the fractions were roughly divided into three molecular weight ranges, 500 to 1,000 (F5), 1,000 to 5,000 (F2 to F4) and 5,000 to 20,000 (F1).
Both replication and dose x fraction pool interactions were not significant when the fractions were tested at several dose levels. Therefore, only effects of fraction and dose level in the inhibition of ovulations are presented in table 3. There were differences (P< .05) in the number of ovulations induced in the presence of the different fractions and the different dose levels (P<.O1). F5 did not exhibit a dose-response effect nor did it deviate from the control (saline) group (figure 4). As the dose of F1 to F4 was increased from .2 to 1 dose units the number of ovulations per mouse decreased. However, as the dose of the fractions were increased beyond 1 dose unit an increase in the number of ovulations was seen in fractions F2 and F4, whereas increased levels of fraction F3 continued to decrease the number of ovulations.
This experiment confirms the presence of antigonadotropic activity in the porcine pineal el.0 dose unit of this purified extract X 3 = 3.6 g pineal tissue.
f'g'hMeans on this line bearing different superscripts are different (P<.05).
i'j'kMeans on this line bearing different superscripts are different (P<.01). gland. The principle responsible for this antigonadotropic activity weighs more than 500 daltons since the preparative techniques using ultrafiltration with Diaflo membrane UM05 effectively eliminated substances less than 500 daltons, such as melatonin and related indoles. Milcus et al. (1963) demonstrated the presence of 8-Lys-vasotocin in bovine pineal glands and this substance as well as those mentioned previously have been proposed as possible pineal antigonadotropic agents (Wurtman et al., 1963, Cheesman and Fariss, 1970) . It is per- tinent to note if melatonin was present, it would have eluted in the F5 pool of the column eluates. F5 pool, however, did not elicit any effect on the gonadotropic activity, which is yet another strong indication that melatonin was not the substance responsible for the antigonadotropic activity of the porcine pineal gland. Cheesman and Forsham (1974a) showed that extracts of bovine pineal glands without melatonin, other indoles and 8-Arg-vasotocin completely inhibited ovulation induced with PMSG and HCG in mice. Although activity was detected in such extracts in this study, in no case was ovulation completely inhibited, but inhibition was marked with some pooled fractions. Purity of the extracts and the doses administered could readily explain this difference. These results agree with the findings of other investigators, who used rat, bovine and ovine pineal glands, and showed that melatoninfree extracts exhibited strong antigonadotropic activity Cheesman and Forsham, 1974a; Ota et al., 1975 , Ebels, 1975 . The active principles contained in the extracts might be small peptides (Orts et al., 1974a,b; Benson et al., 1972) . The active principle in this study was between 1,000 to 5,000 daltons. Ota et al. (1975) reported that the active principle was less than 10,000 daltons, whereas other investigators (Benson et al., , 1972 Matthew et al. 1971) have reported values between 500 and 1,000 daltons.
Antigonadotropic activity was observed in more than one of the column fractions although it was best exhibited by the F3 pool. It is possible that there were different molecules acting independently or that they are components of a dimer or trimer that can independently elicit action. Such a dimer, antigonadotropin, has been suggested to be present in human urine (Ota and Dronkert, 1969) . Whether such antigonadotropic substance would be more active as a complex or in its individual components is not suggested by anything known to us.
On the basis of this work, the pig becomes included among animals whose pineal glands have been shown to be antigonadotropic. This has been demonstrated in rats, cattle, sheep and man. The evidence further suggests that pineal antigonadotropin is neither melatonin nor any other indole compounds. It is more likely that this antigonadotropic factor is a small peptide whose de novo synthesis in the pineal gland remains to be proved.
